In an attempt to simplify cholesterol treatment, the 2013 ACC/ AHA Guideline on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults 6 restricted the use of CAC to the patients who did not fall into four designated conventional risk factor-based categories. Coronary artery calcium was downgraded to a Class IIb status (recommendation's usefulness/efficacy less well established), 7 ignoring the robust CAC literature that initially engendered the Class lla recommendation, and the more recent data from three prospective, population-based outcome trials that the CAC Net Reclassification Index of the FRS is extremely high, particularly for the intermediate-risk group (52 -66%) ( Table 1) . 8 -10 The guidelines are summarized in Table 2 .
In addition to the early detection, CAC has been shown to increase adherence to statin and ASA treatment, to diet and exercise 11 -13 and to improve lipids, BP, and weight. 14 With adequate evidence that CAC appropriately detects high-risk patients and that treatment of high-risk patients with statins improves their outcomes, 15 it would seem reasonable to connect the two premises and conclude that CAC would improve outcomes. Based on primary prevention trials, the reduction in events would be expected to be 30%. 15 Critics of CAC argue that the effect of CAC on outcomes in randomized-controlled trials has not been demonstrated. In addition, risk factor-based stratification, such as the FRS, is inexpensive, universally available, and requires no technology other than simple lipid, blood sugar, and blood pressure measurements. While attractive on the surface, unfortunately, the risk factor-based paradigms have also not been validated by randomized-controlled outcome trials, do not improve adherence, and remain inferior to CAC for risk prediction in every study.
Early detection of lung cancer: guidelines and general considerations
In contrast to CAC, low-dose CT scanning for lung cancer screening has been supported by outcome studies, including the International Early Lung Cancer Action Program (IELCAP) 16 and the National
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Lung Screening Trial (NLST). 17 The IELCAP study demonstrated an 80% cure rate for patients diagnosed early by CT screening. 16 The NLST enrolled 53 454 high-risk participants to receive three rounds of either CT or chest radiography screening, and 5-7 years of follow-up from the time of random assignment to either screening. 17 After achieving its stated goal of a 20% reduction in mortality in the CT compared with the radiographic arm, a different outcome parameter than cure rate, the trial was terminated and scanning was recommended for high-risk patients by the National Com- Table 3 ). In recognition of the compelling data, the USPSTF created a Grade B (net benefit is moderate or there is moderate certainty that the net benefit is moderate to substantial) recommendation for annual low-dose screening in persons at high risk for lung cancer based on age and smoking history, including a 30 pack-year or more history of smoking in subjects aged 55 -79 who have smoked within the past 15 years. 23 The expected mortality reduction is likely to exceed the 20% reported in the NLST, which was terminated as soon as the 20% criterion was met. It was not designed to quantify the maximum mortality reduction and is subject to the downward bias of the true mortality reduction characteristic of such trials. 24 Post NLST, there are seven ongoing
European-randomized trials with a combined enrolment of 37 000 patients, with projected mortality reductions in the CT arm of 15 -45% depending on the particulars of the study. 25, 26 Screening will very likely extend to lower risk categories as well. In Japan, for example, never-smokers and smokers as young as 40 years of age have been enrolled in screening programmes. Increasing evidence for the pathogenicity of second hand smoke exposure may result in its inclusion for screening eligibility.
Combined low-dose heart and lung scanning: a proposal
Since the heart is always visualized on lung scans, it is difficult to argue against performing CAC analysis and ignore the opportunity to identify high-risk patients. Conversely, the lung nodule findings have always been and will continue to be evaluated on CAC scans, despite the exaggerated concern about incidental findings. However, because of the limited field of view, encompassing only 40% of the lungs, CAC scans are insufficient for effective lung cancer screening. The pre-requisite of a combined scan is straightforward: the accuracy of separate scans must be preserved at a low radiation dose.
Patient selection
Patients who meet both CAC and lung scan criteria or lung scan criteria alone should be eligible for a combined full chest low-dose-gated CT scan. In reality, almost all patients who fulfil lung screening criteria by USPSTF, estimated to be 7 000 000 in the USA, 27 
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Combined detection of coronary artery disease and will therefore be candidates for both evaluations (Figure 1) . Because of the poor penetration of CAC scanning into the diagnostic algorithm to date, lung scan patients will not have the opportunity to benefit from CAC evaluation were it not for the lung scan. In CAC candidates who do not meet lung scanning criteria, acquisition should be limited to the heart. Despite the low radiation dose (to be discussed below), full chest scanning is not appropriate in those who do not fulfil the lung criteria. Coronary artery calcium scans performed as part of coronary computed tomographic angiography should encompass the full chest if lung scan criteria are fulfilled.
Scan acquisition
Lung CT scanning is routinely performed without EKG gating, whereas CAC has always been analysed on gated scans to minimize motion artefact; a minimum of eight slice MDCT is recommended for accurate scoring. Coronary artery calcium is apparent on nongated chest CT screening scans and several analytic approaches have been employed. Coronary artery calcium Agatston scoring of non-gated scans has correlated well with the standard of care scoring on gated scans. However, there is a higher inter-scan variability, 20% underestimation of high-risk patients and 8% false negatives. 29 Ordinal scoring based on a semi-quantitative analysis has correlated well with cardiac outcomes 30 but is subjective, has no reproducibility data and no correlative database to CAC scoring. Recently, an automatic technique for analysing non-gated scans has been described. 31 These alternative methods are not utilized by the cardiology community. Therefore, ideally, combined lung and CAC scans should fulfil minimum CAC criteria, necessitating a shift in lung scan technology by limiting acquisitions to ≥8 slice scanners equipped with EKG gating and CAC analysis software. At least in developed countries, such CT scanners are readily available. Achieving greater penetration in technology poor, less developed countries may require utilization of non-gated scans despite the limitations. An example of gated and ungated combined low-dose lung and CAC scans is displayed in Figure 2 .
Radiation
The literature and lay press are replete with warnings of cancers attributable to routine cardiac and lung CT scanning, all of which are based on hypothetical extrapolation, predominantly from atomic explosions, and not based on actual data from the scanning itself. In response, the American Association of Physicists in Medicine has affirmed that the risks of medical imaging at effective doses ,50 mSv for single procedures or 100 mSv for multiple procedures over short-time periods are too low to be detectable and may be non-existent. 32 Nonetheless, we are in full accord with the as low as reasonably achievable mandate, and with the ESC principle that 'each patient should get the right imaging exam, at the right time, with the right radiation dose'. 33 Low-dose lung scans in the average NLST patient were 1.4 + 0.5 mSv 34 and CAC scans have progressively decreased to the 1 mSv level. 35 However, recently developed iterative reconstruction algorithms available on all the latest generation scanners will facilitate the acquisition of sub 0.5 mSv lung scans and CAC studies without loss of accuracy. Model-based reconstruction algorithms under development are expected to further decrease radiation. Extrapolating the CAC scan radiation to full chest coverage will yield ,1 mSv combined scans, in the same ballpark as screening mammography. 36 Less developed countries may not have access to the latest dose reducing algorithms in which case the combined scan radiation would be higher but not likely to exceed 2 mSv.
Cost effectiveness
Analyses of cost effectiveness suffer from a lack of uniformity of evaluation and varying assumptions of costs and benefits that are Figure 1 USA estimates, and overlap, of coronary artery calcium and lung scan eligible patients. The number of eligible patients in the USA is estimated at 33 million for coronary artery calcium scanning (orange) 28 and 7 million for lung scanning (yellow). 27 Excluding lung scan eligible patients who have established coronary disease (5.3%, unpublished data from the I-ELCAP database) yields an overlap of 6.6 million lung scan patients who would be expected to benefit from coronary artery calcium scanning. constantly changing as potentially more expensive new technologies and treatments are introduced and older, still applicable ones become less expensive. Perhaps in recognition of this dilemma, costeffective analyses are not part of the guidelines and screening justifications. Their complexity is undoubtedly greatly magnified in the less developed countries. Using a single low-dose CT scan for two major diseases should be more cost effective than using two separate CT scans, but needs to be demonstrated.
Conclusions
The imperative to contain the growing global burden of CAD and lung cancer is clear, as is the complexity of the problem. Identification of at risk patients is not sufficient but would eventually form a prerequisite for implementation of appropriate intervention. To accomplish this goal, low-dose lung screening has received the imprimatur of the USPSTF and will hopefully be adopted globally in similar if not identical form. Analysis of lung scans for CAC seems appropriate 27 and has the potential to be the standard of care, ideally by gated techniques or non-gated if there is no alternative. However, the global burden of CAD far exceeds that of lung cancer in the number of patients and costs to society, and CAC analysis of lung scans, while an important first step, would address only a small part of the CAD burden.
Whether it is reasonable to directly target the entire appropriate use population by widespread CAC scanning without waiting for an official 'screening' label remains to be debated. Such a recommendation would be antithetical to many, whereas others emphasize that to optimize patient care in light of the available evidence, screening guidelines should not be confined to the necessity of the randomized control trial.
Numerous questions remain to be answered. A detailed analysis of available CT scanners and the costs and logistics of screening, particularly in less privileged countries, are required, as are the programmes for implementing intervention and adherence. Of equal importance is a fundamental change in mind-set in the prevention community to accept the use of the best available tools as the first step in easing the global burden of disease. Waiting for outcome trials for CAC which are unlikely to be performed, or for replication of the NLST results, especially in developing countries, would incur an immeasurable delay. At the present time, it is logical and reasonable that gated CAC scanning be performed on lung scans and that the entire thorax be imaged during CAC scans in those who meet recommendations for both evaluations. 
